INTRODUCTION
Particle-reinforced natural rubber polymer nanocomposites have attracted considerable attention in fundamental research 1, 2 . Indeed, particle-reinforced natural rubber polymer nanocomposites could offer considerable potential in several different fields 3 . Particlereinforced natural rubber polymer nanocomposites have attained impressive improvement in some operational performances 4 . Particlereinforced natural rubber polymer nanocomposites can accommodate extreme deformation over broad operational conditions. Nonetheless, there are still some limitations on current operational applications.
Recent research efforts have focused attention on concrete operational improvements. Particle dispersion behavior is important determinant in critical operational performances 5 . Different dispersion behavior can cause unpredictable effects in several operational properties (e.g. rheological, mechanical and thermal properties) 6, 7 . Uniform dispersion state is fundamental prerequisite to superior operational performance 8 . Such preference attribute is more related to percolation network formation. Second preference attribute is often attributed to tremendous interfacial interaction. However, particle dispersion mechanism is still not understood in detail 9 .
Particle-reinforced natural rubber polymer nanocomposites are often obtained through nanoparticle reinforcement. However, there are still some limitations in this approach 9 . In the present research, TiO 2 -SiO 2-reinforced methylated grafted natural rubber (MG49-TiO 2 -SiO 2 ) polymer nanocomposites were prepared through sol-gel nanoparticle formation. Resultant polymer nanocomposites were characterized through several different instrumental techniques. 
MaTeRIals aND MeThOD

TiO 2 -siO 2 sol Particle Preparation
MG49-TiO 2 -siO 2 Polymer Nanocomposite Characterization
DLS analyses were conducted on a Malvern Zetasizer Nano ZS DLS spectrometer (Malvern Instruments Ltd., United Kingdom). DLS analyses were performed at a fixed detection angle (θ = 173°). DLS data were acquired in the backscatter mode. DLS data were analyzed through the Zetasizer software.
XRD analyses were conducted on a Bruker D8 Advance diffractometer (Bruker AXS, Germany). XRD analyses were performed at the CuKα radiation wavelength (λ=0.154 nm). XRD patterns were acquired in the Bragg-Brentano configuration. XRD patterns were recorded in the 2θ range (15-60°; step size 0.02°).
FTIR analyses were conducted on a Perkin-Elmer Spectrum 400 FTIR spectrometer (Perkin Elmer, UK).
FTIR spectra were acquired in Attenuated Total Reflectance (ATR) mode. FTIR spectra were recorded in the mid infrared range (4000-650 cm −1 ; spectral resolution 4 cm -1 ).
SEM analyses were conducted on a LEO 1450 VP instrument (Carl Zeiss AG, Oberkochen, Germany). SEM analyses were performed at a low acceleration voltage (∼5 kV). SEM micrographs were acquired in the secondary electron (SE) mode. SEM micrographs were taken at a high magnification.
TGA analyses were conducted on a Shimadzu TGA-50 instrument (Shimadzu, Japan). TGA thermograms were recorded in a broad temperature range (30-600 °C; scan rate 10 °C· min -1 ).
DRA analyses were conducted on Anton Paar Physica MCR 501 rheometer (Anton Paar, Austria). DRA analyses were performed in the linear viscoelastic region. DRA responses were acquired in a dynamic oscillation mode.
ResUlTs aND DIsCUssION
TiO 2 -siO 2 Nanoparticle Characterization
Monodisperse particle size distribution was observed at different hydrolysis ratio. In this case, narrowest particle size distribution was observed at moderate hydrolysis ratio (R w =16). Smallest particle size (≤100 nm) is prone to agglomerate formation. Such phenomenon can cause unpredictable effects on performance properties.
Non-crystalline (amorphous) TiO 2 -SiO 2 structure was observed at low hydrolysis ratios (R w ≤ 16). Meanwhile, semicrystalline TiO 2 -SiO 2 structure was observed at high hydrolysis ratio (R w =32). Semicrystalline TiO 2 -SiO 2 structure is attributed to Si suppressive effect. Three dominant bands were observed in the TiO 2 -SiO 2 spectra 
MG49-TiO 2 -siO 2 Polymer Nanocomposite Characterization
Three characteristic diffraction peaks were observed in the MG49 diffraction profile. Such characteristic diffraction peaks are attributed to isoprene/ methyl methacrylate monomer. Preferable characteristic diffraction peak (2θ = 15°) had become flattened upon TiO 2 -SiO 2 reinforcement. Such phenomenon is attributed to amorphization. In addition, such characteristic diffraction peak (2θ = In the present case, particle agglomeration effect is more pronounced in the MG49-TiO 2 -SiO 2 (30:70) polymer nanocomposite. Unavoidable agglomeration process is attributed to small particle size, i.e. large surface area and high surface energies 10 .
Individual degradation process was observed in MG49 polymer host. Thermal degradation temperature was observed around 300-450 °C, as indicated in the DTA signal. Such degradation process is attributed to oxidative decomposition. Thermal degradation process is initiated through random chain scission. Similar degradation pattern was observed in the MG49-TiO 2 -SiO 2 (30:70) and (70:30) polymer nanocomposites. Such phenomenon is attributed to particle-polymer compatibility. In this case, however, minor weight loss is detected at low temperature range. Such phenomenon is attributed to TiO 2 -SiO 2 catalytic effects. Onset degradation temperature had shifted towards high temperature range. Such phenomenon is attributed to stability improvement. Thermal degradation process is suppressed upon particlepolymer interaction 11 . However, intrinsic degradation mechanism is still not understood in detail.
G' and G" modulus had remained constant over small strain change; and then G′ and G″ modulus had decreased above critical strain amplitude. Such phenomenon is attributed to network breakdown 12 . In effect, high deformation rate had resulted in poor mechanical properties. Linear viscoelastic range had become narrowed upon TiO 2 -SiO 2 reinforcement. Such phenomenon is attributed to particle-particle interaction. G′/G″ crossover point had shifted upward upon TiO 2 -SiO 2 reinforcement. Phase structure transition is hindered upon particle-polymer interaction. G′ modulus had increased upon TiO 2 -SiO 2 reinforcement. Polymer chain relaxation is restrained upon particlepolymer interaction 6 . However, polymer chain motion is not affected upon particle-polymer interaction. 
